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Specification 

1. Title of the Invention 

A Thermal Treatment Method and a Thermal Treatment Apparatus for it 

2. What Is Claimed 

(1) A thermal treatment method characterized as treating thermally a material by an energy 
beam formed out of an energy beam with Gaussian energy density distribution by a dividing 
cylindrical lens and a cylindrical lens that each direction of major axis is rectangular each 
other. 

(2) A thermal treatment apparatus comprised of a means of generating the energy beam with 
Gaussian energy density distribution and an optical system which contains the dividing 
cylindrical lens and the cylindrical lens, wherein each direction of major axis is rectangular 
each other, and thereby irradiating the material with the said energy beam formed by the said 
optical system. 
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3. Detailed Description of the Invention 

An Industrial Utilizable Field 

The present invention relates to a thermal treatment method and its apparatus used, for 
example, in the so-called SOI (Silicon on Insulator) technology etc, forming a silicon crystal thin 
film on the surface of an insulating material. 
A Background Technique and its Problems 

Recently SOI technology has been developed as a semiconductor technique applied to 
manufacture of a semiconductor device. As a crystal growth method on the surface of the 
insulating material, there is a method of forming a polycrystal silicon thin film on the surface of 
an insulating film (or a substrate) and recrystallizing it by heating and solvating. For example, a 
laser beam is used in thermal treatment in reaystalliaation. 

By the way for example, in case of recrystallizing the polycrystal silicon thin film patterned 
in island shape by Ar laser beam, good crystal (or monocrystal) is obtained by the laser beam with 
the usual Gaussian energy density distribution dependent on pattern formation. But, in onler to 
obtain the crystal thin film with good reproducibility in broader area, as the laser beam irradiated 
to the island shaped polycrystal silicon thin film, the linear laser beam with uniform energy 
density distribution is considered as suitable. Namely when the linear laser beam with uniform 
energy density distribution is used, a good recrystallized film is obtained because an interface 
between solid and melt becomes vertical to the scanning direction of the beam and moves with the 
laser beam scan. As a method to obtain the linear laser beam, there are a method using an oval 
lens and a method using two cylindrical lenses. This energy distribution in longer direction of 
the laser beam is Gaussian distribution. 

And, in this ^crystallization, the silicon crystal thin film with good crystallizability is 
obtained in case of using the laser beam with twin peaks shape energy density distribution. 
The Purpose of the Present Invention 

The present invention, in consideration of the said problems, offers the thermal treatment 
method and the thermal treatment apparatus that makes it possible that good thermal treatment 
of the material is made by the linear energy beam with uniform energy density distribution or the 
energy beam with twin peaks shape energy density distribution etc. obtained by simple optical 
system. 

Abstract of the Present Invention 

The present invention is a thermal treatment method treating thermally a material by an 
energy beam formed out of an energy beam with Gaussian energy density distribution by a 
dividing cylindrical lens and a cylindrical lens that each direction of major axis is rectangular each 
other. 

And, the present invention is a thermal treatment apparatus including a means of 
generating the energy beam with Gaussian energy density distribution and an optical system 
which contains the dividing cylindrical lens and the cylindrical lens that each direction of major 
axis is rectangular each other, and irradiating the material with the energy beam formed by this 
optical system. 

9 
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In this invention, the linear energy beam with uniform energy density distribution or the 
energy beam with twin peaks shape energy density distribution etc is obtained by simple optical 
system, and good thermal treatment by these energy beams is possible. Therefore, for example, 
in case of applying to thermal treatment in SOI technology good crystal growth is obtained 

Embodiment 

An embodiment of the present invention is explained referring to Figures as follows. 

In the present invention, as shown in Figure 1 and Figure 3, thermal treatment apparatus 
(6) is provided, which is composed with laser beam generator (1) generating the energy beam with 
Gaussian energy density distribution, for example Ar laser beam, and optical system (5) contains 
beam expander (2) expanding the diameter of the laser beam Bo from laser beam generator (1), 
dividing cylindrical lens (3), and cylindrical lens (4) dividing laser beam B 0 into two substantially. 
In this case, dividing cylindrical lens (3) and cylindrical lens (4) are disposed as each focal length is 
not same, and directions of major axes are rectangular each other. As shown in Figure 6, the 
dividing cylindrical lens (3) corresponds to the compound lens L (the part surrounded by solid line) 
composed with the oovalent part which two cylindrical lenses (7) and (8) with the same radius of 
curvature are superposed on the same flat surface. For example, as shown in Figure 7-A, it can 
be made by providing the pair of lens piece L, and Lj by cutting out the central part of one 
cylindrical lens by width of d, and as shown as Figure 7-B, by combining them with a transparent 
bond When laser beam Bo is irradiated the compound lens L, incident parallel laser beam B 0 on 
the lens piece condenses at F, and that on the lens piece L> condenses at F* and so, two divided 
laser beams can be made. 

Then, in the said thermal treatment apparatus (6), as shown in Figure 1 and 3, when 
incident parallel laser beam B 0 from the beam expander (2) on the dividing cylindrical lens (3) as 
shown by solid line condenses at two points F, and F 2 of focal plane fa at a distance of D each other. 
And incident parallel laser beam B 0 on the cylindrical lens (4) as shown by dotted line condenses 
on focal plane fb. 

Therefore, laser beam Bo changes into laser beam B 01 , B^ B ra , B mi B^ B^ and B^ with beam 
spot shape shown in Figure 2-A, B, C, D, E, F and G at each point of a, b, c, d, e, f and g in Figure 1. 
As a result, because the laser beam with Gaussian distribution is divided in center and is in the 
condition of turn and superposition on focal plane fb, the linear laser beam B w with almost 
uniform energy density distribution (I) (referring to Figure 4) shown in Figure 2-D is obtained 
And, two linear laser beams B^ with Gaussian energy density distribution (II) (referring to Figure 
5) are obtained on focal plane fa. On the other hand, laser beam B^ with beam spot shape of 
cutting the oval beam and facing each other, that is to say, twin peaks shape energy density 
distribution is obtained between focal planes fa and fb. Moreover, the length of linear laser beam 
Bo, with uniform energy density distribution is controlled by the shift of each optic axis of dividing 
cylindrical lens (3), that is to say, by width of d in Figure 6, and by distance of 1 between dividing 
cylindrical lens (3) and cylindrical lens (4) . 

Therefore, various formed laser beams are obtained by choice of any position between 
position a and position g according to purposes. 

In this embodiment, the formed laser beam, for example, the linear laser beam B m with 
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uniform energy density distribution irradiates on the polycrystal silicon film (13) patterned in 
island shape adhered through Si0 2 film on glass or silicon crystal substrate (11) as shown in 
Figure 8 and 9, and solvates this polycrystal silicon film (13) by scanning in the direction of arrow 
(14) and recrystallizing it. 

Thus, when the linear laser beam Ba, with uniform energy density distribution is used, 
crystallization of wide area is obtained repruduciabily 

And, in case that laser beam with twin peaks shape energy density distribution irradiates on 
polycrystal silicon film and reaystallizes it, silicon crystal film with good crystallization is 
obtained . 

Further, in the above embodiment, the present invention applies to other thermal treatment 
as well as the thermal treatment at recystallizagion of semiconductor film in SOI technology. 

An Effect of the Present Invention 

By the present invention, the linear energy beam with the uniform energy density 
distribution and the energy beam with twin peaks shape energy density distribution and eta is 
obtained easily by forming out of the energy beam with Gaussian energy density distribution 
using simple optic system contains dividing cylindrical lens and cylindrical lens being disposed as 
direction of major axis is rectangular each other. And when the material is treated thermally by 
this formal energy beam chosen and used according to the purpose, a good thermal treatment can 
be made. 

Therefore, for example, it is suitable for applying to thermal treatment and etc at 
recrystallization of the polycrystal silicon film in SOI technology. 
A Brief Explanation of Figures 

Figure 1 is a block diagram showing the example of thermal treatment apparatus of the 
present invention, Figure 2 is a sectional view showing the beam spot shape correspondent to the 
each position in Figure 1. Figure 3 is a diagrammatic cross-eyes view showing the main point of 
Figure 1. Figure 4 and 5 are energy density distribution graphs. Figure 6 and 7 are charts for 
explanation of dividing cylindrical lens. Figure 8 and 9 are plan view and its sectional view in 
case of applying the thermal treatment method of the present invention to recrystallization of 
silicon. 



(1) laser beam generator 

(2) beam expander 

(3) dividing cylindrical lens 

(4) cylindrical lens 

Patent Attorney Tei Ito 

Hidemori Matsuzaka 
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